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SATELLITE DATA RECOVERY AND QUALITY FOR LOW
ELEVA'T'ION TRACKING ANGLES
ABSTRACT
`
	
	 A PCM telemetry performance monitor has been developed by the
Information Processing Division which provides a data recovery and
data quality analyses of .I satellite pass along with a strip chart
presentation of pertinent characteristics of tape recorded signals. This
monitor enables one to perform quantitative and qualitive analyses of
a PCM telemetry signal. The evaluator was first used to examine the
degradation of telemetry data due to low elevation tracking angles for
the OGO-D and OSO-F satellites from se ,zeral STADAN stations. These
results were correlated with the world maps predictions, telemetry
schedules, and the antenna profiles. Bit error rates are more than
10 -2 at low elw,,ation angles and become less than 10 -s as the eleva-
tion angle increases. Generally, data acquired near the horizon is
either lost or Beverly de graded.
iv
SATELLI'T'E DATA RECOVERY AND QUALITY FOR LOW
ELEVATION TRACKING ANGLES
I. INTRODUCTION
1
	
	
Tracking data is used to predict a satellite's orbit; world ma11s predictions
("Predicts"; and telemetry schedules are then generated and sent to the STADAN
for use in satellite tracking and telemetry data recording. The world snap pre-
dictions, generated by the Computations Division, contain such information as
satellite range, and antenna elevation and azimuth tracking angles as a func-
tion of time. The stations track a satellite using the Project Operations Support
Division confirmed telemetry schedule and retort( the telemetry data on analog
tapes. The halo- tapes are sent to the Information Processing Division (IPD)
for analog-to-digital conversion and computer processing to obtain the experi-
menters data tapes.
This report correlates the IPD's PCM telemetry data recovery an(] data
quality results with the station antenna profiles for low elevation tracking angles.
1I. INFORMATION PROCESSING EVALUATOR
The Information Processing Telemetry Systems performance was obtained
using the IPD's E-5 tape evaluation line with the addition of a PCM Performance
Monitor, recently developed by the Processor Development Branch, which pro-
vides strip chart and quality analyses of various recorded analog signals. The
strip chart contains information such as: (1) the receiver AGC sensitivities,
(2) the PCM tape evaluation processor search-to-lock indicator (indication of
IPD's data recovery), (3) an average frame sync error rate indicator (indication
of IPD's data quality), (T) the hit synchronizer 1/2 bit slippage indicator (indica-
tion of jitter), (5) STADAN and IPD's combined ;round tape recorder reproduce
wow/flutter and drift characteristics, (6) the serial decimal time code, and (7)
an indication of the signal plus noise (S + N) amplitude level variations of the
"raw" PCM signal, (See figure 1).
The performance monitor also counts the percentage of frame sync words
recovered with zero bit errors when the PCDI system is in "lock" mode. This
parameter, 1a hcled FOE, is used to estimate bit error probability when the
process is stationary and the bit errors are independent. The denominator of
FOE is the niunl)er of frames recovered and is an indication of data recovery.
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III. CORRELATION OF ORBIT PREDICTIONS, TELEMETRY" SCIIEDULES,
AND IPD EVALUATION RESULTS
OGO-D
Nineteen OGO-D (64 KC Real Time) passes, recorded Marck ll, 1969 to
March 17, 1969 from Santiago, Quito, Ororal, and Rosman STADAN stations were
selected ac random and evaluated using the equipment described in Secti,)n II.
A strip chart for each analog tape (pass) was obtained. Figure 2 contains a
strip chart of an OGO-D tape examined from Santiago. Plotted on the top chart
are the elevation and azimuth angles taken from the "predicts." The combined
time errors for predictions and plots are less than 10 seconds for the OGO-D
passes analysed in this report.
Immediately below, the azimuth and elevation plot contains the receiver AGC
sensitivities (channels A and B). Also shown is the PCM processor search-to-
lock indicator, the average frame sync error rate from a frame sync analog cor-
relator (sampled and held) and the bit synchronizer 1/2 bit slippage indicator.
The ground tape recorder reproduce performance is also indicated on the strip
chart. The S + N variation of the "raw" PCM data was not available during the
OGO-D strip chart analyses.
The error rate at the beginning of the Santiago pass (elevation angles between
4' and 9.5') is approximately 10 -2 , whereas the overall estimated average error
rate for the pass is 2.4 x 10 -5 . This high overall error rate is due primarily 	 ;E
to the burst type errors occurring at the low elevation angles.	 i
Appendix A contains the strip charts of the other eighteen OGO-D tapes
examined in this report.
Table I shows a comparison of the scheduled, STADAN reported, and the
IPD actual results for these nineteen OGO-D passes. The stations command "on"
the 64 KC real time data when a sufficient received power level from one of the
transmitting R.F. carriers is detected. From Table I, the STADAN AOS/LOS'S
times were within one to two minutes of the "predicts." Note that IPD's data
recovery (minutes of recovered data) agrees closely with the STADAN reported
approximate minutes of data. However, eight out of the ninteen tapes or 42% of
the passes examined contained severly degraded data (Probability of error > 10-4)
at low elevation angles.
'Acquisition-of signal loss-of-signal.
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Figure 2—IPD`s Strip Chart Analysis of OGO-D 64 KC R.T. Data; SNTAGO, Tape No. 2253
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Seventeen OSO-F (real-time data time multiplexed with playback data)
passes, recorded January 26 to February 1, 1969 from Ororal, Santiago, 1If)ja%-e,
Fort Myers, Quito, and Lima were selected and evaluated because of the STADAN
reported SIC RFI and atmospheric disturbances. The effect of loss of data and
degraded data at low evaluation angles is more noticeable for OSO-F than for
OGO-D primarily clue to the different acquisition procedures for each satellite, e.g.
OSO-F pass start begins at 0° elevation. The strip charts for seven of the seven-
teen tapes are shown in Appendix B. The seven strip charts contained in Appendix
B were reported by STADAN as having either ionospheric or propagation disturb-
ances (occurring around 03 hours 30 min 00 sec GJIT which has been known to
be a difficult time-of-day for reception of data for the South American Stations.)
The other ten strip charts not shown are being used in another report, soon to
be ncalished, for an OSO-F spacecraft RFI study. The combined time errors
for predictions and plots are less than 10 seconds for the 9SO-F passes analyzed
in this report.
Table II shows a comparison of the scheduled, STADAN reported, and the
IPD actual results for all of the OSO-F tapes examined. The stations are re-
quested to commence tracking the spacecraft and recording the OSO-F data near
the horizon (0" elevation) with the purpose of obtaining as much data as possible
for the project. The stations consistently tracked the spacecraft from horizon-
to-horizon. The playiack data xN as always scheduled over 10° elevation as a
project requirement. The actual IPD AOS, , LOS of the pass was within approxi-
mately 1/2 minute of the STADAN, reported AOS and LOS respectively. One
minute out of each eleven minute pass is either lost or severly degraded at the
low elevation tracking ar.?l^,s. Fifteen out of the seventeen (8C() of the passes
examined contained severe1v degraded data at low elevation angles. The average
error rates are not shown in Table II due to the difficulty in separating the low
elevation errors, ionospheric disturbances, and spacecraft RFI. However, the
overall average error rates for the seventeen passes range from 10 - ' to 10-3
W. CORRELATION OF THE IPD RESULTS AND THE ANTENNA PROFILES
The antenna profiles :vere obtained for each STADAN antenna used for the
OGO-D and OSO-F passes anal y zed in this report. The lost and degraded data
intervals, for low elevation tracking angles, on the strip charts were correlated
with the azimuth and elevation angles and then plotted on the antenna profiles.
Figures 3 through 7 contain all of the OGO-D data tapes analyzed; figures 8 through
14 contain all of the OSO-F data tapes analyzed (,acluding those which contained
spacecraft RFI and are not shown in Appendix B).
7
f.
Cl 1 1 '4
:t -r M -r
0 A
In V'	 11 V^	 I,:
n	 ".,I
cq ul N 0 o 0 x x 0 0	 0 0
rn In 0 M =
TA -r
o m
w c
In -r	 m 11
-z
o "i zz c4 o 0.. c4
3D M V. 'M M 'n
o ID Cl c ^F c: m of M M M -1
z	 74 cl m ^o tz
cd
c,3
c" c"
cl) oo jo -T a) 0 x
I If, N (D M
13 m T. I m
tD
t- r- C) x jc r- I- m o
to	 ^D ^m W J ;D O
Cd
O
75
(2)
0
r-
0
Cd
LL
fr
V
m
S
.0 <
0
0
O
C^
Q
H
Z
N
Ol
V)N
N
MN
NN
O
Z
O
n.
N ^
WG
u
o F.
z
^ U
I Y
N 'f4 ^
O0O
N
O
O
N
CJS
D
d	 o
0
ov
S	 Cl)
d
_rn
G	 LL
R
ON
O
R a ^ N Xi F. ^ N ^ N N - - _ - -IG33MD301 NOILVA313
J
.	
,i
II
I f
I
r
I
I^
II
I^ I
I N
N
I	 I
f
I i '
I
1
e
o
R
0N
O
Q	
C.
x	
o
p	 O
A	 In
O
o 0
m Q
o ^
ti z
^	 I
M
N	 C4N
S	 ,^
O
n ^N
O	 LO
N NN
o
O
8 ZNCL
N O
W
$ CWO ~
A ^ ^
U
^ N Y
4 R
10
R a
O
O
R O
N
N
O
C
g J
s
x	 ^
O
Y	 0
O	 ^'
V
i
n	 7
OI
O	 LL..f
R
N
3
I	 i I II I I I
O
N ^ s i Q Q
(^	 ^ oc p	 r ^
^r a d
I
I	 Q
I
1	 I	 J
I	 W
I	 I	 0
I i
I L
I I
^
I
I
I_
- i
I ^ I
I ♦ I,
I I
I
i I
I	 I r
I
I
4 t
^.
I
DT I
i 1 '
1 i
i
I
I
^
^^-
.1 ^
1 I
I ! ^
1I I 1 ^
1
I '.
I	 I I I
I I I
I
I
I
I I
1
h 9 N 9 N x 1 N N „O, P T _ _ _ _ _ e - _ w m n w n ^ n n - v
IS33NO301 NOLLVA313
10
0w
O
Or
M
I
o`
N
O,
cr
O
Z
^	 a
N
^ WW
^ V
O ^
= U
^ Y
: "Zr
d H Oa Q
O
^ 1n	
N
0
o`
c_
J
^ L
O
.0.
O
I
o	 y
o	 ^
LL
f
O
O
O
E^EE i
1i
!r I ♦•
I
I
I
Z~ ^	 0 f
je
0 K d V	 H J Cl
I	 Z ^^ ••
I
^
L
I
I I 1•
nP h N M1 N N N N N N _	 _	 _ _ _ _	 - ^. ^ .-
IS336330f NOILVA313
11
O
.o
O
h
N	 C
O
°	 v
r	
VI)
n J
p 
Q
AN O
CY
e O
N	 I
0
10
10
o	 Ol
It	
CV
o V
N	 ONN
S _
O	
CN
O
olNO
N
LO
8	 °'(V
a N N
° 4¢1 Z
O W Q1
O O_
O
o z ^
t ai
R_	 V
Y
o ^
M ^
O^
rrs^
N V
_ O
O ^
=	 N
8 ^
OQIC
o	 -^
m ^
r..	
0
°	 O
u	 O
o	 Ln00
O ^
O
n	 01
LL
H
O
I
I
I
I IOOI .
OI•
H
< a a
^'	 J	 ^.	
C	
^ Q	
N la—
I
,:,	 U	 p w ^	 p .1
a a V O A ^ (7
I	 U
I
I	 >
-_
^ ^
/
— i
P
N
1
-r
I
I I
^'—r—
r
_^h—fI I I t--
I
I
P
i
I o
0
I
I I I
^ I
_
i
I I
t
I
I
I
I I I
jr
n P N N N N N N N N H ? — — — ^ ^ ^ ^ — ^ w ^ r w .r ^ ^. ..
	 ..
Is33V93OL NOIIVA313
12
zI
I "N
i^
I	 •
I	 •
I	 •
I	 •
I	 •I
I ^
I
I
I
1
V	 _•
oN+C
0
o	 z
V)
o Z
o ^
N
n O
N
O
N
co
b M
00
N
Y
O	 In
O ^
o	 CI)
N	 Ci
10
8 ^
T N N
W 0
o ZUo ^, ma
1 z F-
R_ U
Y
R p
o	 '^n
N V^
lJ
Q	
N
O cG^
$	 °a
c_
$ J
o Q
o	 0b ^
LA
a
I
O
LL
N
0
m
^n
I•
I
I /
I
II ^
f
II
a a
w 0 
Z
U
I
I	 I	 4I	 •
I	 •
-- —-
4 —
—
I
l ♦ '
y
1 I ♦
I
I i
♦
1
I
I
—Is i
^^t
L
;;Wr
I
i
I
i
F ^
^— I
I I 1 1
—1 -• –
MN N ry N r. N N N N ` "	 +r .-	 .. _^	 _ _ -	 _	 - r.	 r .-	 v ..	 ^	 ... .r	 ...
IS338930) N011VA3'13
1'3
I
Sa
x
D
n
T
D
V
V	 C
D
D N
n w
3 Q
O
o ^
H ^
D	 0Z
^	 a
v
H
D NW U_W
g W OO O
b i ^
7 v^
S w ^
R	 v
-	 c
o J
•
c	 ^12	 d
u
o	 v
Q'
o Z
= Q
F_
I
R	
00
d
7c
LL
0
0
i
0
0
O
1
I	 I
N	 J	 ^^	 v	 'f `_
n
	 2
A
o D V (1 H	 J n
•	 I	 ^	 ^l
-	 ^ - -
_ __ __ __
•
• —_— _
I
T-+
_ _ _— — _ —
♦
I
I ♦^
T
^
•
I •
I	 I I
I	 ^
--'--rte -	 • —
I
I ^
1 II ,_
i5336030) NOIlVA313
14
i
o .
x
R
0
R	 o
0	 `o
N
e	 O
N	 0
O
P Z
I
o	 p,
ti	 M
c
N	 CJ
o	
CS
n	 CV
N
0
8	 NOZ
O yl 	^
CL
W
$ u
WW
	 F-
0 O ^
^ Zj 0
$N O
R	 o
o
o
^	 J
0
N	
0
O	 Z
d
8	 v
U
pNElf
Z
g	 a
O	
Q
V)i
S	 Pd
o
0
2
O
II	 I
i
lip
i
—
I
•
♦
II
I
_ O
N	 J	 Vr	 ^ n[ O	 ^- q
Z	 d d V D ^-•	 J ^
•	 ^	 I	 ZCl
I
•	 I	 I	
W
	 	
rJ
J
•♦• ^- - ----
^--
I
iI•
♦ -
I
i
•
I I •
i •
I I I 1 ♦
I
I
I _ •
1	 I I
I	 I I
I '
I I
• —t
I
I
•
	 I
I	 I	 I
/Oj	 N N N h	 N N n M1 P i _ L0 n • n N	 O	 • I.. 1I0 • n N	 O
(S33a030) NOIlVA313
15
4
rn	
-
'	 r	 l7	 •
!
I	 U
I	 I	 "
1
I	 ^,
I
— . f r-	 til	 ^ ^ + } --r
r i
— r •
i
I
I
I •
^I I
•
I I	 •
.--•—^--
—1-!	 ^I
_
I
x
1
c
^ o
o
^ J
^ Q
O
o ^
O
I
-v
c
N
C
^ N	 j
O
Z
'^ a
"w v
o	
a,
O ^
1 = Q
J ^	 _
^ N
^
Y
N
1 O
> O
r ^
C
^ J
^ 1
^ O
Z
^
d
^ v
^ U
Q'
Z
Q
QN
I
G
d
O)
U-
S'. It .°. ry
	
ry H ^• N ?' _ _ '?	 • - y = o a e .. • n • n ry - o
l6]3N934t NOILTA313
16
L n 4 u 8-
N,
z
I	 V
Jf
"Ool l i	 I
c
0
V)
LL
Ln
"K,
-0
0
C4
0
o
cr U-
V)
o
ri
Z)
0
0
0
m n.,	 y
17
IC
O
N
W
O
O
I
o•
O
Z
W
CL
'	 o
ul	
F--
W	 LL
Q•
Oo	
O
r	 ^
^	 N
N	 c
4	 G
O
d
C
^	 J
•	
v
u
^	 v
Of
Q
H
3	 Q
ed
I
a
s
Z w0 0
Y [
o V V
•	 ^f	 4
m m
O ^ 4
o a
0
x 
.	 I
i
O
I
II
I !
	 J	 ^InS 4 K n	 ^ ^ _—
I
1	 t_
—^ `
^
1
J1
.	 n
•
♦ 	 u
•
•
- --•--t ^_ 1	 ^ . ^ _ _ - , 1 ^ ♦
_ • _
	 ..	 - ^- ^	
--f-. _
__ • I ^{
- ^ - •	 •	 • • •
•	 C
k
,
I
I
•	 ♦
^
I	 I ^ •f♦
-1
1 --- 
-_-4-I
♦
I
I
I
^ I I
1
t
i •
I ' •
^ I
•
I io ^-
•
- I •
I
••I
I ^•
I I
• I
^{I -
I
-1
^— ' •	 - -
IS73Y970) NOILVA3 •!
18
0
r ^
n
-	
-^ _- --	 -
f
- 1
t7-
11
111111'
QZ
CL.
a
w	 F-Y	 .W ^
0 6
O	
LM
z 0
UU
^ 4
aN
C
0
J
IM
f
D
_T
V
Y Y
c
-s x o
0
y
0
i
f
I
I
I
n R t	
u ^ N ti ti h h ^ i _ i O • - - = O
S33619341 "IVA3"13
19
o _
n -
O ^
R
0
0
n
R
RN
O
O
n
n
SN
0A
N
O
g
o ^
a W
LJ
o ^o
G =r j
N
R
0
0
0
og
A
0
0
Z
$ O O
L Y
O V C
A ^ m
O J 3N ,i	 d
X 
c0
0
N
O
Q
H
Z
V)
I
CA
cv
c
a
0
Z
m
o_
0
H
LL
U
V7O
N
CC
G
0
m
c
J
0
Z
d
G1
Z
Q
Q
I
v
_rn
LL
I
I I
♦ I
NI ♦
I ♦
-	 C	 1
I
I	 I	 l
♦
__♦} —
I I ^ ♦ 	 ♦♦ 1
I	
I1
HNS-11 - —11 ♦^ —
I
^
' I I- ♦ I
'1♦
I I I I
I •
I t t
t
1 I I
I
i .• I
I - I ^ I ♦ 	 I
i t •
I
^ I
i I
I I I I	 •
^ ^•	 I I
1	 I I t ♦
I	 t I ♦•
I
I I t
i•
t	 t	 I 1
i
N i
N ^
I •♦
n N N N N ti h N N N	 ^' -9 r- '♦ ~ O- A - - O m O h O 0 ^ A H - 0N
IS33N9301 NOUVA313
20
The antenna linear mask plots for each antenna type and station contain the
horizon, antenna structural prelimits, and antenna drive computer program profiles.
One can easily observe the degraded or lost telemetry data intervals at the
low elevations angles for each antenna profile type (i.e., horizon, pre-limit, and
program).
V. CONCLUSIONS
This report indicates that for low elevation tracking angles the data recovery
and data quality are degraded almost beyond use. The present philosophy is for
each station to acquire as much data as possible during the pass. Consideration
should be given to only acquiring data of acceptable quality to STADAN, IPD,
and experimenters. It is the authors' recommendations that the scheduling of
passes be revised so that this improvement in acquisition and data processing can
be achieved.
Since low evaluation angle tracking is a predominant noise source, the follow-
ing conclusions have been reached:
• STADAN link efficiency can be improved by scheduling data collection
above horizon data quality limits (to be determined by IPD s data processing
quality "profile").
• IPD computer/processing line efficiency can b^i increased by processing
only meaningful data at high elevation angles.
• IPD programs can be simplified by removing data recovery subroutines
for extremely low signal-to-noise ratio at beginning and end of pass.
e Experimenter software programs can be simplified by allowing IPD to
furnish only virtually error free data (bit error rate <10-6).
• Total system improvement and confidence will result by only processing
high-quality data where possible (assuming project requirements can be
met through scheduling high elevation, greater than 10°, passes).
• More realistic link evaluation and performance monitoring v,ould result
by removing low elevation "biased" system errors.
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